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DESIGN LIFECYCLE MANAGEMENT OF TECHNOLOGICAL PROCESSES
Yusuf Shodiyevich Avazov
Doctor of Philosophy (PhD) in technical sciences, associate professor, doctoral student of the Department of Automation of
Production Processes, Tashkent State Technical University named after Islam Karimov.
E-mail: yusufbek_avazov@mail.ru, Phone: +998-94-612-67-08.
Abstract: The issues of life cycle management of design processes of complex technological processes are considered.
An analysis of works devoted to the automated design of technological processes and industries, product life cycle management,
and the use of predominant modeling in design is presented. A structure for the implementation of the design of technological
processes is proposed and it’s components are described. An algorithm is proposed to reduce the life cycle of the design of a
technological process. The sequence of selection of the most optimal project options with the help of the proposed algorithm is
described. It is shown that the algorithm allows to reduce the life cycle of the design process and extend the life cycle of the
technological process, allowing the project to be quickly introduced into production. As an example the article presents of the
designing an automated process control system - designing a complex of devices for the process of distillation of gasoline
distillate in the oil refining industry using the UniSim Design program.
Keywords: design process lifecycle management, product lifecycle management, knowledge base, data mining,
technological process, distillate rectification.
Аннотация: Мураккаб технологик жараёнларни лойиҳалаш жараёнлари ҳаётий циклини бошқариш масаласи
кўриб чиқилган. Технологик жараёнлар ва ишлаб чиқаришни автомалаштирилган лойиҳалаш, маҳсулотлар ҳаётий
циклини бошқариш, лойиҳалашда имтацион моделлаштиришдан фойдаланишга бағишланган илмий тадқиқот
ишларини таҳлили баён этилган. Технологик жараёнларни лойиҳалашни амалга ошириш учун структура таклиф
этилган ва структурани ташкил этувчиларини вазифалари ёритилган. Технологик жараёнларни лойиҳалашнинг ҳаётий
циклини қисқартиришга хизмат қилувчи алгоритм таклиф этилган. Таклиф этилган алгоритм ёрдамида лойиҳалар
орасидан энг мақбулини танлаб олишни амалга ошириш кетма-кетлиги баён этилган. Алгоритм лойиҳалаш жараёни
ҳаётий циклини қисқартириши ва технологик жараён ҳаётий циклини узайтиришга хизмат қилиб, лойиҳани тезроқ
ишлаб чиқаришга жорий этиш имконини бериши кўрсатиб ўтилган. Мақолада саноатни автоматлаштирилган
бошқариш тизимларини лойиҳалашга мисол сифатида нефтни қайта ишлаш саноатидаги бензин дистиллятини
ректификациялаш технологик жараёни қурилмалари мажмуасини UniSim Design дастури ёрдамида лойиҳалаш
келтирилган.
Таянч сўзлар: лойиҳалаш жараёнини ҳаётий циклини бошқариш, маҳсулотлар ҳаётий циклини бошқариш,
билимлар базаси, маълумотларни интеллектуал таҳлил қилиш, технологик жараён, дистиллятни ректификациялаш.
Аннотация: Рассмотрены вопросы управления жизненными циклами процессов проектирования сложных
технологических процессов. Изложен анализ работ, посвященных автоматизированному проектированию
технологических процессов и производств, управлению жизненным циклом продукции с использованием преимуществ
моделирования в проектировании. Предложена структура для осуществления проектирования технологических
процессов и описаны её составляющие. Предложен алгоритм, предназначенный для сокращения жизненного цикла
проектирования технологического процесса. Описана последовательность осуществления выбора наиболее
оптимальных вариантов проекта с помощью предложенного алгоритма. Показано, что алгоритм позволяет
сократить жизненный цикл процесса проектирования и продлить жизненный цикл технологического процесса,
позволяя быстрее внедрить проект в производство. В качестве примера в статье представлен процесс
проектирования автоматизированной системы управления технологическим процессом – проектирование комплекса
устройств
и
аппаратов
технологического
процесса
ректификации
бензинового
дистиллята
в
нефтеперерабатывающей промышленности с использованием программы UniSim Design.

CHEMICAL TECHNOLOGY. CONTROL AND MANAGEMENT.

№6 / 2021

Ключевые слова: управление жизненным циклом процесса проектирования, управление жизненным циклом
продукции, база знаний, интеллектуальный анализ данных, технологический процесс, ректификация дистиллята.

Introduction.
Steady growth in demand for high-quality, competitive products increasing demands on the
technological process of production and automated control systems. With the use of modern information
technologies, artificial intelligence and cloud computing to improve automated process control systems,
new concepts are emerging, such as product lifecycle management [1], process lifecycle management and
system lifecycle management [2]. Digitalization of technological processes and production design processes
(Engineering 4.0) [2] using digital modeling, which is one of the elements of the new paradigm Industry 4.0
[3], continues to play an important role in industrial automation today. The increase in the range of products
and demand for it at manufacturing enterprises has led to the development of technological processes and
complex control systems of production. Extending the life cycle of products, increasing the life cycle of
technological processes and control systems in the development of manufacturing business, reducing the
life cycle of the design process allows you to start production faster [4]. The implementation of the design
process is one of the most important stages in the organization of production, and the profitability of the
enterprise largely depends on the correct implementation of the design. At the same time, designers face
enormous challenges, such as carrying out an extremely large number of measurements, analyzes and
comparisons to complete the project perfectly. We consider it necessary to have a knowledge base that
allows designers, using modern algorithms and programs for designing this base, to choose the best design
option for quickly completing such tasks with a minimum error.
Numerous scientific studies have been carried out on process design automation, including the work
of Joel Sauza-Bedolla, Stefano Amato and others [5], which considered a way to increase the efficiency of
product manufacturing with a special emphasis on maintaining a high product individuality. In the article
[6], studied the need and possibilities for integrating digital twin modeling into the RMS system and
conducted a comparative analysis of two simulation models: Plant Simulation 11 for simple simulation
modeling and Visual Components modeling software for building a digital twin simulation model. Also, in
the article [7] J.A. Caballero proposed a new algorithm for the exact design of distillation columns, which
allows you to convert the process simulator algorithm into generalized disjunctive programming. In [8], the
use of digital modeling in modeling complex technological processes of control systems is considered,
where a specific example illustrates the role of “digital twins” in industrial automation. In the article [9],
Kaan Doga Ozgenturk et al. conducted a study of the process that leads to the flow of all product information
within a manufacturing plant into a product lifecycle management system, where it is recommended that
designers also be IT professionals, where special attention should be paid to the effective use of decisions
they make as experts. Analyzing the considered works, it can be noted that the approaches to the design of
technological processes are aimed at analyzing the interconnections of processes and highlighting some
procedures in the design process, where, based on the knowledge base, the development of product design
options is described. However, no comments were made on the importance of designing and organizing
production processes, reducing the life cycle of design processes while extending the life cycle of automated
technological processes of control systems.
I The structure of the design of technological processes
Design stages in the organization of technological processes and production can be represented in
the form of a block diagram (Fig. 1), consisting of the following parts: the customer, the customer's
requirements for the projects of technological processes, the designer, the knowledge base, decision-making
unit and ready-made variants for the projects of the technological process.
Let us now consider each of the elements of this structure separately.
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Customer. This element is a component that handles input from the design process. The customer
forms the basic requirements, such as the cost of the project, its benefits and the timing of the project, and
also sets limits on them [10]. Responsible for the analysis of external and internal factors associated with
these components of the technological process in systems life cycle management. External factors are the
magnitude of demand in the world market for products manufactured on the basis of designed technological
processes, information about competing companies and a comprehensive analysis of the advantages and
disadvantages of products. This analysis reveals the competitiveness of products intended for production
and the self-sufficiency of production. Internal factors include the market of the country where the design
is carried out and its conditions, demand for products, project implementation opportunities, existing
infrastructure, etc. Based on these analyses, the customer orders a production process design and develops
project requirements.
Customer’s requirements for the projects of technological process. These requirements are
developed by the customer [11] and presented to the designer. Here, a database of requirements is formed
to reduce the cost of production, for raw materials and materials used in the development of the project, for
the methods of interconnection of devices and devices of production processes and the number of devices,
power and thousands of similar elements. These requirements are passed to the designer as project input.
Decision-making
unit

The customer's requirements
for the projects of
technological processes

Designer

Сustomer

Ready-made variants for the
projects of the technological
process

Knowledge base

Figure 1. The structure of the development of the project of the technological process.

Designer. Project developer - a research institute or enterprise dedicated to design, or a group of
individuals grouped together to carry out a project [12]. Since the process of designing complex
technological processes is also very complex, separate subgroups are attached to individual parts of the
project, with the group summarizing the project being considered the most important. The task of the
designer is to determine the design of the project and the sequence of its implementation using the
knowledge base, decision blocks, by analyzing the customer's requirements. Next, the project options
created as a result of the design are selected and presented to the customer.
Knowledge base. The knowledge base includes a variety of knowledge about technological processes
and devices, their standardized geometric shapes [13]. The designer sends a request to the knowledge base,
generates the necessary knowledge in the design module for their use.
Decision-making unit. This block is one of the most difficult blocks and options developed by design
teams are evaluated by a panel of experts or expert systems [14]. After that, new suggestions and comments
will be made and the most optimal option is selected. Decision-making unit can be provided with artificial
intelligence technology. It should be noted that this block includes algorithms for choosing the optimal
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variant of the project being developed. We have proposed an algorithm that can be used for this purpose
(Fig. 2).
Ready-made variants of the projects of the technological process. This block contains the most
suitable of the prepared project options for presentation to the customer. This allows the client to choose
those that best suit his requirements.
II Algorithm for reducing the life cycle of designing technological processes
The proposed algorithm facilitates the choice of the most optimal option as a result of making
optimal decisions in the design process. The algorithm is shown in the figure 2.

CAD model of
process and
equipment

Requirements of
the customer

Existing process knowledge
base

Information from the CAD model

Methods of intellectual analysis of data

Selection of advanced parameters of
processes and equipment by using
knowledge

Do all parameters
of the process and equipment
meet the requirements
of the customer?

Definition of parameters, improving
processes and devices

no

yes

A complex of technological processes and
devices optimized according to specified
parameters

The optimal variant of the
technological process complex

Figure 2. Algorithm for choosing the most optimal option for the design of the technological process.

The algorithm assumes, based on the requirements of the customer, to choose a computer design
developed by the designer. The data in the computer design of the technological process are analyzed based
on the methods of intellectual analysis [14, 15, 16, 17], while accessing the data of the knowledge base of
the technological process is carried out. This analysis helps to minimize errors. The results of the analysis
are guided by the parameters that determine the key performance indicators of the design, and identify
improved parameters. At the next stage, specialists are again invited, using whose knowledge improved
parameters are selected and they are again compared with customer requirements.
If all the parameters of the process and apparatus in the design of the technological process meet the
requirements of the customer, then the design of the process and apparatus, installed on improved
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parameters, is accepted as a finished version of the project and the design process is considered completed.
If the improved parameters of the process and equipment do not meet the requirements of the customer,
then the computer project of the technological process is again turned to and appropriate changes are made.
Thus, when using this algorithm, a reduction in the life cycle of designing technological processes
and device complexes is achieved. This, in turn, can enable a faster launch of the designed technological
process and production, having a significant impact on reducing the project implementation time. Another
important advantage of using the algorithm is that the project variants selected on the basis of the algorithm
are stored in the block of ready variants in its structure and allow using its corresponding parts and readymade developments when coordinating documents, processes and apparatus of an existing project.
III An example of designing the design of a complex of apparatus for the rectification process
of gasoline distillate in the oil refining industry
Rectification of petroleum products is a vivid example of the distillation of multicomponent
mixtures, since the complex process of converting crude into finished products consists of primary and
secondary rectification processes. Rectified products are multicomponent mixtures in their composition
[18]. The gasoline distillate rectification unit considered by us consists of a complex of multi-parametric
and multi-connected devices consisting of several technological devices [19] and is considered as a device
that performs rectification in a complex (Figure 3). The complex has 4 main columns, a furnace, 3 air
coolers, 6 refrigerators, 8 pumps, 2 boilers and 3 heat exchangers.
In this article, UniSim Design software [20] was used to design a complex of gasoline rectification
units. To ensure the design and interconnection of devices, the catalog of geometric shapes of the knowledge
base of the UniSim Design software was used (Figure 4). The catalog of devices includes all types of devices
suitable for heat and mass transfer processes: boilers, refrigerators, heat exchangers, rectification columns,
tanks, pumps. In addition, when using the catalog, it is possible to reflect the material flows involved in the
rectification process, create trends that reflect changes in technological parameters.

Figure 3. The project of a complex of a rectification unit for the production of gasoline distillate.
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The catalog of devices shown in Figure 4 is part of the standardization and regulation of the
methodology for managing the life cycle of control systems and serves to reduce the life cycle of the design
process of complex technological processes. Since, it saves time for designing, taking into account all the
technological and design parameters of each device. This effect is even more pronounced when the number
of devices of the same or similar type in a set of devices in complex technological processes is large. For
example, the complex of the gasoline distillate rectification plant we are considering has 3 rectification
columns marked K-1, K-2, K-3, which are structurally the same, since all three have 60 plates, in addition,
each column has boilers. They differ only in the direction of movement of the material flow, its quantity
and the values of technological parameters.

Figure 4. Catalog of geometric devices in the knowledge base used in the design of a complex of rectification plants using
UniSim Design.

Therefore, there is no need to design each of them separately and it is advisable to design each of
them by adjusting the design and technological parameters using the interface, as shown in Figure 5.
The possibilities of the interface (Figure 5) for the design of the column structure are very extensive.
Using this interface, it is possible to give the name of the rectification column (Column Name: K-3), set up
technological parameters, the flow of the main mixture entering the column (Intel Streams), the flow of
finished products (Ovhd Liquid Outlet), number of trays in the column (#Stages), cooling flow
dephlegmator (Condenser Energy Stream), boiler heat agent flow (Reboiler Energy Stream), effluent from
the bottom of the column (Bottom Liquid Outlet), streams leaving the side of the column (Optional Side
Draws). In the same way, computer design of the remaining columns is carried out.
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Figure 5. Interface for creating the design of the column K-3 of the complex of the rectification unit of gasoline
distillate.

Designing a complex of technological devices for the rectification of gasoline distillate, considered
in the article, using the UniSim Design program will reduce the life cycle of developing design variants for
the rectification of multicomponent mixtures.
Conclusion.
Thus, the algorithm given in the article for selecting the most optimal designs of technological
processes and the use of UniSim Design software have a significant impact on managing the life cycle of
complex technological processes, in particular, separation processes for multicomponent mixtures by
reducing the life cycle of the design process. Using this algorithm and design program, a group of designers
or design organizations can be able to reduce the design time for technological processes, develop optimal
design options and reduce the cost of project documentation.
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